Mycobacterium lepraemurium and M. microti (causal agent of vole tuberculosis) were isolated from tissues of experimentally infected mice and used to infect normal mouse peritoneal macrophage cultures. The cellular response to these bacteria up to 4 days after infection was studied quantitatively by electron microscopy. Prelabeling with ferritin was used to facilitate observation of fusion between secondary lysosomes in the cells and phagosomes containing the bacteria. All bacteria were intraphagosomal, and a high proportion of them was morphologically "intact." Nearly all phagosomes containing morphologically damaged (presumed nonviable) bacteria also contained ferritin, having fused with secondary lysosomes. Fusion of lysosomes had also occurred with most phagosomes containing intact M. lepraemurium but was infrequent with phagosomes containing intact M. microti. This tendency of multiplying mycobacteria of the tubercle type to avoid contact with lysosomal contents has already been reported for M. tuberculosis strain H37Rv. The different intracellular circumstances of the parasites may reflect different means of intracellular survival.
Cultured rat fibroblasts infected in vitro with
Mycobacterium lepraemurium (causal agent of rat leprosy) and later examined by electron microscopy showed frequent fusion of dense bodies (secondary lysosomes) with phagosomes containing morphologically normal, presumably viable bacteria (4) . In contrast, when cultured mouse peritoneal (MP) macrophages had ingested M. tuberculosis strain H37Rv, the majority of phagosomes containing intact bacteria showed no evidence of such fusion (3) .
In these separate investigations, the M. lepraemurium was obtained from infected mouse livers and the M. tuberculosis from cultures in bacteriological medium. Because of this difference, and because different host cell types growing in different media were used, a fresh comparison has now been made of lysosomephagosome fusion in cultured MP macrophages growing in a standard medium (5) and infected with M. I-epraemurium or with tubercle bacilli, both obtained from infected mouse tissues. The type of tubercle bacillus used was M. microti [vole bacillus (13) ], which is closely related to M. tuberculosis and is like strain H37Rv in being pathogenic to mice and in multiplying progressively in MP macrophages. The dense bodies (secondary lysosomes) of the macrophages were prelabeled with ferritin, and cell profiles were surveyed to quantitate the morphological integrity of intraphagosomal mycobacteria and the occurrence of phagosome-lysosome fusion (3).
MATERIALS AND METHODS
Bacterial suspensions. CBA strain mice were infected intravenously with M. lepraemurium strain Douglas or with M. microti strain OV254. Bacterial suspensions were made by homogenizing the livers or lungs, respectively, using procedures based on those described previously (8, 10) .
Tissue culture. Macrophages were obtained from unstimulated peritoneal cavities of normal mice and cultivated as monolayers as described elsewhere (2, 9) . After I to 2 weeks of cultivation, the cells were exposed for 3.5 hr to ferritin (Pentex brand, twice recrystallized and cadmium-free; Miles Laboratories Inc., Kankakee. Ill.) in the way already detailed (3). On the same or following day, the cells were overlaid with the appropriate bacterial suspension for 2 hr at 37 C. The cells were washed to remove uningested bacteria, and then fresh medium (with 5 units of streptomycin per ml to prevent extracellular multiplication in the case of M. microti) was introduced and the tubes were incubated again.
Electron microscopy. Monolayers were fixed in situ with an ice-cold glutaraldehyde-osmium tetroxide mixture as described by Hirsch and Fedorko (11) systematically surveyed, and the bacilli were scored as apparently "intact" or visibly "damaged," using previously defined criteria (3); phagosome-lysosome fusion was identified by the presence of ferritin within bacterium-containing phagosomes.
RESULTS
Macrophages were fixed 2 days after being infected with M. lepraemurium or 4 days after infection with M. microti. Some pertinent ultrastructural features are illustrated in Fig. 1 (1, 14) , which was distinctly broader around M. lepraemurium than around M. microti. Ferritin was detected within nearly all the few phagosomes containing damaged bacteria of either species, indicating fusion with one or more secondary lysosomes. For the intact bacteria there was a striking contrast, ferritin being seen in the great majority of phagosomes containing M. lepraemurium but only in a minority of those containing M. microti (and even then in comparatively small amounts).
These differences are shown quantitatively in Table 2 . Fusion with ferritin-marked lysosomes was evident in 88 (-of phagosomes containing intact M. lepraemurium but only in 24% of those containing M. microti (the difference being significant: P < 0.01). For (12) .
The formation of phagolysosomes observed around M. lepraemurium within MP macrophages resembles the cells' response to many ingested foreign bodies, and it is remarkable that the mycobacteria can survive and multiply (6) . It is possible that the material in the electrontransparent zone affords them protecticn (7) . On the other hand, virulent tubercle bacilli (human or vole), which also survive and multiply in the macrophages, seem to do so mostly in phagosomes that have not fused with the secondary lysosomes, so escaping direct exposure to the lysosomal contents. These two types of mycobacterium appear to have developed different solutions to the problems of intracellular growth.
